HCH-brand salts were used in the experiment to study the dependence of conductivity of melts on temperature. The melt temperature was measured via platinum rhodium thermocouple (10% rhodium) and maintained with the accuracy of ± 2K. To avoid the influence of a temperature gradient, the melt conductivity was measured both at temperature rise and drop. The received results were averaged for each temperature. The study was conducted in dry argon environment, which was blown over a container. Nitrates have good conductivity, high thermal stability and high fusibility thus making it possible to use them in power engineering, metallurgy, electrochemical systems and other areas. The highest conductivity was recorded for the composition with 30% Ta2O5 in isothermal section at 600°C. The dependence of conductivity on temperature (520-170°C) of eutectic mixes within two two-component (KNO3 -Ta2O5; СsNO3 -Ta2O5) and one three-component (CsNO3 -KNO3 -Ta2O5) systems was studied. It was proved that the conductivity in the systems is caused by ions of metals (Сs + , K + ) and associates (M(NO3) 3-4(M -K, Сs)). The obtained data on the conductivity of melts confirm the potential of their use as working materials for chemical sources of electrical energy. The frequency of conductivity change decreasing from KNO3 to СsNO3 is confirmed.
INTRODUCTION
The understanding of the role of inactive adsorbed electroparticles, which may have the blocking effects, electrostatistical impact and non-Coulomb perturbations on the course, speed and type of electrochemical interaction, will allow producing more effective rechargeable batteries and fuel elements, inhibiting and eliminating electrocorrosion, introducing more productive methods of energy transformation and its use, and, thus utilizing the full potential of electrochemistry [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Ion melts of alkali metal nitrates have many valuable properties, including high conductivity, capacity for electrolytic decomposition, play a role of electrolytes during electrolytic emission of the most active and refractory metals and nonmetals (Si), relatively low density, low steam tension, quite broad range of working temperature and capacity to create very high concentrations. Some ion melts have specific features, which are critical for either practical purposes, which caused their wide use in different areas of engineering. The study of electrochemical behavior in ion melts of salts of alkali and alkaline earth metals with oxides of transition metals is relevant due to the fact that such substances can be used as active materials in chemical sources of electrical energy (CSEE). The property of metals with negative potentials to be passivated in contact with melts forms the basis for such CSEE [3] .
Nitrate melts are widely used for metal electroplating where they act as electrolyte solvents. The following thermodynamic values are key for the theory and practice of metal electroplating from melts: decomposition voltage of individual molten salts defining the strengths of salts and a possibility of their use in melts; equilibrium potentials of metals in molten salts defining a possibility of metal sedimentation on either substrate, selection of container material for melt and a possibility of sedimentation of alloys of two metals; free energy of mixing of molten salts defining the vapor pressure and stability of electrolyte composition; ionic valency of deposited metal in a melt depending on temperature, concentration and composition of melt acting as an electrolyte solvent.
The electrolytes acting as solvents and used for electrodeposition shall have the following characteristics: low melting temperature and vapor pressure; high conductivity and thermal resistance; small toxicity; non-hygroscopicity and low cost of materials [4] .
Electrodeposition is a heterogeneous process and includes several stages. Some of them take place in a volume of an electrolyte, otherson a surface of the growing crystal, the othersin a deposit. In order for a crystal to grow, it is necessary to select a substance. During cathode crystallization these are ions of a deposited metal and electrons. Ions are delivered through an electrolyte, while electronsvia the cathode and a deposit [4] . If the conductivity of the deposited substance is less than the conductivity of a melt, then the delivery of electrons to a zone of electrochemical reaction is slow resulting in the slow growth of crystals.
The delivery of ions to a cathode may take place according to the following mechanisms: migration in electric field; diffusion under the influence of a concentration gradient; dissociation of non-electroactive forms on ions able to be discharged on a cathode; convection.
Only the composition of melts defines the role and contribution of each of these mechanisms. In individual melts the delivery of ions to a cathode happens following a migration mechanism in electric field, and in mixes of melts the transfer of ions may happen following any of the above mechanism. The speed of ion migration in electric field defines the crystal seed growth rate on a cathode during electrolysis in individual melts. Besides, there are no limiting currents for migration of ions.
The current density is limited either due to restriction of speed of the subsequent stages, or due to electrolyte heating [4] .
In 1905, for the first time A.Ya. Bogorodsky subjected molten sodium and potassium nitrates and their mixtures to electrolysis. At the same time the gas mixture is emitted on an anode: O2 and NO2. Currently, it is believed that the electrolysis of anode process with electrode material takes place according to the following pattern (Pattern 1):
Some scholars say that cathodic reduction of nitrate melts preceding the emission of alkaline metal is caused by the reduction of nitronium ions (NO2+) and takes place according to two possible reactions:
Other researchers, referring to the fact that the presence of NO2+-ions in melts is not proved, believe that NO3--ions participate in cathode process and take place according to two reactions (1-2):
The O2-ions, which are formed as a result of cathode reaction, may form poorly soluble oxides with melt cations:
The melt dipping into electrode nitrates leads to the formation of oxide films. For example, on platinum electrodes the oxide films are formed according to pattern 2:
During anode polarization the oxidic film reaches the thickness of three PtO2 molecules, but the transition of platinum into a melt almost does not happen. The formed PtO2 has good conductivity and does not interfere with NO3--ions [3] .
John O'M. Bokris for the first time showed that thin oxide films on anode electrodes from precious metals (Pt) affect the catalytic activity (electrocatalysis) in relation to the given reaction, as well as the mechanism of reactions, for example, in case of oxygen recovering according to pattern 1.
Oxide films on electrodes shall satisfy several requirements: they shall not grow during the activity of electrodes; they shall be compact to interfere with metal dissolution; the structure of oxide films shall have good conductivity and high catalytic activity, in particular, PtO film satisfies this condition more than PtO2 [7] .
Oxidation of NO3--ions in molten nitrates takes place according to the following reaction:
Metal oxides, of which electrodes are made, participate in the oxidation of NO3--ions (Pattern 1). Other scholars believe that the anodic discharge of NO3--ions is preceded by their dissociation with the formation of NO2+-ions and oxide molecules according to pattern 3 [3] :
II. METHODS AND MATERIALS
The study of dependence of melt conductivity on temperature was measured at a frequency of 1 kHz via the Е7-8 measuring tool. The HCH-brand salts were used in the experiment. The salts were preliminary dried in SPT 200 drying box at reduced pressure and at gradual increase of temperature up to 600K within 15-20 h. After such processing the salt becomes almost waterless. The melt temperature was measured via platinum rhodium thermocouple (10% rhodium) and maintained with the accuracy of ± 2K. To avoid the influence of a temperature gradient, the melt conductivity was measured both at temperature rise and drop. The received results were averaged for each temperature. Platinum wires with a diameter of 0.5 mm served as electrodes. They passed through thin twochannel ceramic tubes and bared face-grinds were strictly parallel to create a homogeneous electric field. A crucible from electroceramics of the SNTS brand served as a melt container, which together with electrodes and the thermocouple was placed in the stainless steel autoclave. The study was conducted in dry argon environment, which was blown over a container. Figure 1 shows the scheme of a conductivity measurement unit. Nitrates have good conductivity, high thermal stability and high fusibility thus making it possible to use them in power engineering, metallurgy, electrochemical systems and other areas. The alkaline metal nitrates completely dissolve in melts. These eutectic mixtures have low melting temperature and high energy content due to oxide content Та(V). We measured the conductivity the molten eutectic mixtures, which are specified in Table 1 . Tables 2-4 show data obtained during the study of eutectic mixtures. The measurements were made in cooling melts every 10°C. Tables 2-4 show that at 520°C the conductivity of eutectic structures of КNO3 -Ta2O5, CsNO3 -Ta2O5 systems coincide and make 0.403 Ohm -1* cm -1 , while the conductivity of the eutectic system CsNO3 -КNO3 -Ta2O5 is much lower than the first two systems at the same temperature and makes 0.355 Ohm -1* cm -1 . According to the nature of conductivity growth of eutectic compositions of the first two systems we believe that the КNO3 -Ta2O5 system will be the most suitable. Hence, polytherms and isotherms will be studied for the КNO3 -Ta2O5 system.
Polytherms of specific conductivity of КNO3-Ta2O5 system are measured every 10 mol % Ta2O5. The experimental data obtained through the study of КNO3-Ta2O5 system are shown in Tables 5-13. The measurements were made in cooling melts every 10°C. Tables 5-13 show that the pure KNO3 (100%) has the highest conductivity. The conductivity of KNO3 -Ta2O5 system decreases with the increase in Ta2O5 concentration.
The isothermal section of 500°C shows that the highest conductivity is observed for 100% KNO3 1.41 Ohm -1* cm -1 . Starting from 30% to 100% Ta2O5 the conductivity changes in steps, goes up and down. In the area from 30% to 100% the melt is in a solid state thus causing low conductivity due to small concentration of electric current (К + , К (NO3)4 3-).
In the isothermal section at 600°C it was possible to record the highest conductivity, which is observed for the composition with 30% Ta2O5. The specific conductivity equals 0.035 Ohm -1* cm -1 . Above 30% the conductivity decreases since the concentration of Та (V) oxide increases.
IV. CONCLUSION
1. The bridge method was used to study the dependence of conductivity on temperature (520-170°C) of eutectic mixtures of two two-component (KNO3 -Ta2O5; СsNO3 -Ta2O5) and one three-component (CsNO3 -KNO3 -Ta2O5) systems. It is shown that the conductivity mechanism in systems is caused by metal ions (Сs + , К + ) and associates (M (NO3) [3] [4] (М -К, Сs)). 2. Besides, polytherms (700-280°C) and isotherms (500°C, 600°C) of specific conductivity of KNO3 -Ta2O5 system are studied every 10%. It is established that its conductivity depending on Ta2O5 concentration changes not smoothly, but in steps.
3. The obtained data on the conductivity of melts confirm the potential of their use as working materials for chemical sources of electrical energy. The frequency of conductivity change decreasing from KNO3 to СsNO3 is confirmed.
